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CALCULUS. 

101. Proposed by WILLIAM FRED FLEMING, Denison, Tex. 

A 24-inch joint of 6-inch stove pipe is compressed at one end to make it fit over an 
elliptical opening in a stove (for the escape of smoke). The ellipse has a major axis of 8 
inches. What reduction is there in the solid contents of the stove pipe, assuming that its 
compressed shape may be generated by a 6-inch circle which passes uniformly from one 
end to the other and perpendicular to the axis of the pipe ? 

I. Solution by G. 6. M. ZEES, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, Phil- 
adelphia, Pa. 

The perimeter of an ellipse semi-major axis a is 



a 



-e 2 sin 2 #d0=s. 

In this problem a=4 and s=6tt, the circumference of the pipe. 

.-. 6;r=16 C\l-le*Bm*tt-he*ain*ff— 1 \ s e*ism°6-etc.)dfl 

=8w(l-le»-A«*- f k««- T ttg^ 8 -Tf*fc« ,0 -etc.) 

Let e=u. Then u + 1 v» , + B V*«+A 7 A« 4 +Ttth« , + • ••■=!■ 

By reversion of series M=e s =.8013. 

.-. 6=a 1 /(l-e 2 )=4,/(.1987)=l. 783 inches. 

Let the pipe be compressed uniformly for the entire length. Also let 
nvy be the area of any elliptical section, and i the distance of this section from 
the circular end of the pipe. 

72+a 72-1.2172 
Then z=— ^-, y= ^ • 

xydz=-=,- d (5184- 15. 624a- 1. 217z 3 )rfs. 

.-. 7=624.4568 cubic inches. 

F 1 =volume before compression. 

.-. 7, =9ttx 24=678. 5856 cubic inches. 

.•. V x — F=54.1288 cubic inches reduction in volume. 

II, Solution by H. C. WHITAKER, Ph. D„ Professor of Mathematics, Manual Training School, Philadelphia, 
Pa. 

Denote the length of the pipe (=24 inches) by h, the semi-major axis 
(=4) of the ellipse by a, the semi-minor axis by b, the eccentricity by e, the 
radius of the circle (=3) by r. Then equating semi-perimeter3 : 



232 



nr—nai 1 



e 2 l 2 .3.e 4 l 2 .3 2 .o.e« 



22.42 



2 2 .4 3 .6' 



Solving by trial, e=.895, and 6=1.784. 

At a distance of z from the circular end of the pipe, the section is an el- 
lipse, the semi-axes of which are found to be 

hr—rz + az , hr— rz-\-bz 

j and j — ! — . 

h a 

Hence the volume is 

/ h (hr—rz+nz\[hr—rz+bz\ J nh 
n\ ~ II j Ja2=-^-(ar+or+2r 2 +2a&)---198.57r. 

Hence the loss=2167r— 198. 5^=17. 5^==55 cubic inches. 



MISCELLANEOUS. 



82. Proposed by A. H. BELL, Hillsboro, 111. 

Four spheres of equal radii=) , =5, are in contact, and form a triangular pyramid. 
How large is the sphere that can be placed in the middle and be in contact with the four 
spheres. 

Solution by J. W. YOUNG, Fellow in Mathematics, Cornell University, Ithaca, N. T., and J. SCHEFFER, A. 
M., Hagerstown, Md. 

Let A, B, C, B' (Pig. 1) be the centers of the four spheres. They evi- 
dently form the corners of a regular tetrahedron. Fig. 2 is a picture of a plane 
section of the pyramid of spheres, passed through the points AB'L, where L is 
the point of tangency of the two spheres (0, B). 

Prom Fig. 1, 

,4A T A4J(f=sin60 o 
AN/AB'=cosW° 

.-. AB'/AM=ta,n60 o =i/S=secDAM. 

In Fig. 2, then, I DAM is sec-y3. It 
is clear that the required small sphere must 
have its center on DM and must touch both 
spheres {A, D). Let lADM=0. 

Then sinft=l/,/3, cos^=i/f, DT/r=y / %. 

.-. I>r=(r/2)|/6. 

.-. J?7 , =DT-r=(r/2)( 1 /6-2)=radius of small sphere. 

r=5 gives RT= 1.1238. 

85. Proposed by COOPEE D. SCHMITT, A. M., Professor of Mathematics, University of Tennessee, Knox- 
ville. Tenn. 

Prove that at least one of the three sides of a rational right triangle must be divis- 
ible by 5. 
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